Purpose: Bone plays a role in glucose metabolism through the release of uncarboxylated osteocalcin into the systemic circulation. The identified novel roles for osteocalcin include increasing insulin secretion and sensitivity, energy expenditure, reduction of fat mass, and mitochondrial proliferation and functional enhancement. This study aimed to determine serum osteocalcin levels in overweight children and to investigate the relationships of osteocalcin with glucose metabolism and insulin sensitivity. Methods: After overnight fasting, serum osteocalcin levels were measured in overweight (n=50) children between 6.0 and 12.9 years of age and nonoverweight controls (n=60). Height, weight, fasting serum glucose, insulin, alkaline phosphatase, total cholesterol, and 25 hydroxy vitamin D 3 (25(OH)VitD 3 ) were also measured in all subjects. Results: There were significant differences in serum osteocalcin levels between the overweight and control groups (64.00±20.44 vs. 89.56±28.63, P<0.001). Serum osteocalcin levels were inversely correlated with body mass index (BMI) (r=-0.283, P=0.003), weight standard deviation score (SDS) (r=-0.222, P=0.020), BMI SDS (r=-0.297, P=0.002), insulin (r=-0.313, P=0.001), and homeostasis model assessment of insulin resistance (HOMA-IR) index (r=-0.268, P=0.005). In the subsequent multiple regression analyses, BMI, HOMA-IR, and age were determined to be independent predicting factors for serum osteocalcin. Conclusion: Our findings showed associations of serum osteocalcin with glucose metabolism and insulin sensitivity in overweight children, but we could not establish a causal relationship.
Introduction
Obesity is one of the most serious health problems globally, especially among children and adolescents. Over the past several years, the prevalence of obesity in children and adolescents has increased rapidly. 1, 2) The prevalence of obesity in Korean children increased from 6.8% in 1998 to 10.0% in 2013.
3) The consequences of obesity in childhood include type 2 diabetes mellitus, obesity in adulthood, and increased incidences of metabolic syndrome and cardiovascular disease as adults. [4] [5] [6] [7] Thus, the early detection and prevention of obesity in children is essential.
Bone has been recognized as a target of hormones that affect calcium and phosphorus homeostasis and bone structure. However, the role of bone as an endocrine organ has recently been revealed, and recent studies have shown that bone plays a metabolic role when uncarboxylated osteocalcin is released into the systemic circulation. 8) Osteocalcin is a hormone found in bone that is secreted by osteoblasts. Osteocalcin plays a role in the body's metabolic regulation and bone building. 9) Recent studies revealed metabolic roles for osteocalcin, which include promoting insulin secretion and sensitivity, energy expenditure, decreasing fat mass, and mitochondrial proliferation and functional enhancement. 9) In addition, osteocalcin functions as a biochemical marker for bone formation and metabolic regulation and acts as a www.e-apem.org hormone regulating glucose metabolism and fat mass. 8, 10, 11) Some studies have reported that osteocalcin is independently influenced by body mass index (BMI). 12, 13) A metabolic role of osteocalcin in obesity and insulin resistance has also been suggested, and low osteocalcin levels have been measured in overweight people. [14] [15] [16] Recently, several studies have been conducted regarding the association between serum osteocalcin levels and glucose metabolism. [8] [9] [10] [11] In some human and animal studies, osteocalcin has been shown to affect the secretion and sensitivity of insulin and to reduce the deposition of fat. 8, [14] [15] [16] Osteocalcin also increases the secretion of adiponectin from adipose tissue and has been shown to be inversely correlated with obesity. 8, [14] [15] [16] However, in children, few data concerning an association between serum osteocalcin levels and glucose metabolism are available. 17, 18) Therefore, this study aimed to determine the serum osteocalcin levels of overweight children and to investigate osteocalcin's relationship with glucose metabolism and insulin sensitivity.
Materials and methods

Subjects
The subjects consisted of 2 groups: overweight children and their nonoverweight controls. Overweight subjects aged between 6.0 and 12.9 (n=50) were recruited from an outpatient clinic at Korea University Ansan Hospital from September 2016 to June 2017. The subjects had a BMI above the 85th percentile for their age and sex according to 2007 Korean National Growth Charts. Overweight patients who had genetic causes of obesity or endocrine disorders such as diabetes were excluded from this study.
The control group (n=60) consisted of age-matched nonoverweight children (25th percentile≤BMI<75th percentile according to 2007 Korean National Growth Charts). These subjects were also recruited as volunteers from the outpatient clinic at Korea University Ansan Hospital.
Data collection
The following demographic and clinical data were collected at the first visit: age, sex, height, and body weight. Height was measured using a rigid stadiometer, and weight was measured to the nearest 0.1 kg using a calibrated balance scale. BMI was calculated as weight in kilograms divided by height in meters squared. Standard deviation score (SDS) of height, weight, and BMI by age and sex was obtained according to 2007 Korean National Growth Charts. 19) Fasting serum glucose, insulin, alkaline phosphatase (ALP), total cholesterol, 25 hydroxy vitamin D 3 (25(OH)VitD 3 ), and osteocalcin levels were measured. Serum osteocalcin levels in both the overweight and control groups were measured using an electrochemiluminescence immunoassay (Roche Diagnostics, Indianapolis, IN, USA). Insulin resistance was estimated by the homeostasis model assessment of insulin resistance (HOMA-IR) index [Insulin (μIU/mL)×glucose (pmol/L)/22.5].
Statistical analysis
The IBM SPSS Statistics ver. 20.0 (IBM Co., Armonk, NY, USA) was used for statistical analyses. Data are expressed as mean±standard deviation. To compare between the overweight and control groups, we used an independent t-test. To assess relationships between serum osteocalcin levels and clinical characteristics such as age, height, weight, BMI, height SDS, weight SDS, BMI SDS, fasting glucose, serum insulin, HOMA-IR, ALP, total cholesterol, and 25(OH)VitD 3 , we used a Pearson correlation test; P-values under 0.05 were considered statistically significant. A multiple regression analysis was used to determine the factors associated with osteocalcin concentration.
Results
The clinical and metabolic characteristics of both subgroups are shown in Table 1 . There were no significant differences in sex distribution, age, fasting glucose level, ALP, total cholesterol, and 25(OH)VitD 3 level between the 2 groups. In the overweight group, weight (P<0.001), height (P=0.004), BMI (P<0.001), height SDS (P<0.001), weight SDS (P<0.001), BMI SDS (P<0.001), serum insulin level (P=0.003), and HOMA-IR (P=0.008) were significantly higher than the control group. However, serum osteocalcin levels were significantly lower in the overweight group (64.00±20.44 vs. 89.56±28.63, P<0.001). Table 2 shows laboratory data establishing the correlation of different characteristics with osteocalcin concentration. Serum osteocalcin levels were inversely correlated with BMI (r=-0.283, The multivariate analysis showed that BMI (coefficient β=-0.258, P=0.006), HOMA-IR (coefficient β=-0.388, P<0.001), and age (coefficient β=0.285, P=0.003) remained as independent predictors of serum osteocalcin. However, fasting glucose, ALP, and total cholesterol had no independent relationships with serum osteocalcin (Table 3) .
Discussion
This study was the first to assess the relationship between serum osteocalcin level and being overweight in the Korean pediatric population. In our study, serum osteocalcin level was significantly lower in overweight children. Furthermore, serum osteocalcin level was inversely correlated with BMI, weight SDS, serum insulin level, and HOMA-IR. These results suggest that being overweight is inversely associated with serum osteocalcin level, but we could not establish a causal relationship.
Osteocalcin's roles in bone formation have been known for decades. 13, 20) However, in recent studies, its metabolic regulatory roles have been revealed. These roles include regulation of serum glucose and fat deposition as well as essential roles in glucose metabolism. 8) A recent report by Pittas et al. 21) showed that serum osteocalcin level was inversely correlated with fasting serum glucose, fasting insulin, insulin resistance, and fat mass. In adults, an inverse correlation between serum osteocalcin level and BMI has been demonstrated in many studies. [22] [23] [24] In addition, Reinehr and Roth 17) analyzed osteocalcin, adiponectin, leptin, and HOMA-IR in obese Caucasian children and showed that these children had significantly lower serum osteocalcin levels than the normal controls. In concordance with these studies, our study showed inverse correlations of serum osteocalcin level with BMI, insulin, and HOMA-IR in children.
However, the exact mechanisms of osteocalcin in glucose metabolism are unclear. In experiments with mice, Lee et al. 8) discovered that serum osteocalcin inhibits insulin secretion, decreases beta-cell proliferation, and increases insulin resistance. Since then, several different studies have examined the relationship between serum osteocalcin and glucose metabolism. The adipocytokine leptin has important effects on bone metabolism, and osteocalcin is thought to regulate insulin sensitivity through adiponectin. 8, 25, 26) In our study, serum osteocalcin levels were inversely correlated with HOMA-IR in the Pearson correlation test and multiple regression analysis. Previous studies conducted in children and adults showed an inverse correlation between serum osteocalcin level and insulin resistance. 8, 9) Im et al. reported that osteocalcin was an independent factor associated with serum glucose and glycosylated hemoglobin in postmenopausal women. 14, 23) These findings have suggested that osteocalcin plays a crucial role not only in bone remodeling but also in glucose metabolism.
In recent studies, leptin and adiponectin have been considered as having a vital role in the glucose metabolism of serum osteocalcin. [14] [15] [16] Reinehr and Roth 17) reported that osteocalcin level is negatively associated with leptin in German children, but not associated with adiponectin. However, associations between osteocalcin and leptin or adiponectin were not included in our study.
In addition, our study was conducted in overweight children without diabetes. In this study, insulin resistance was increased and serum osteocalcin level was decreased even in overweight children without diabetes. These results demonstrate that there were changes in glucose metabolism in overweight children, even those without diabetes.
Our study had several limitations. For example, the small number of subjects in both the test and control groups was a limitation. In addition, we could not completely control for all factors affecting the results because the mechanism of osteocalcin in glucose metabolism is not fully understood. Also, this study had a cross-sectional design and, therefore, could not provide a causal relationship between serum osteocalcin and being overweight. www.e-apem.org In conclusion, serum osteocalcin level was associated with glucose metabolism and insulin sensitivity in our study of overweight children, but we could not establish a causal relationship.
Larger longitudinal studies are required to validate our results in addition to studies aimed at revealing the mechanism of serum osteocalcin in glucose metabolism.
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